Hepatitis C genotype 4 (HCV-G4) is the most prevalent genotype in the Middle East, including Saudi Arabia\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\] and Northern Africa\[[@ref7][@ref8][@ref9][@ref10]\] \[[Table 1](#T1){ref-type="table"}\]. The frequency of infection with HCV-G4 is increasing in European countries, particularly among intravenous drug users.\[[@ref11][@ref12][@ref13][@ref14]\] Due to the low prevalence of HCV-G4 in Europe and the United States, this genotype has not been adequately studied in prospective trials evaluating treatment outcomes and remains the least studied variant.
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Reported prevalence of various genotypes in Saudi Arabia
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The impact of HCV-G4 on treatment outcomes in the general nontransplant population has been studied.\[[@ref9][@ref10][@ref15][@ref16][@ref17][@ref18]\] Studies from the Middle East suggest a higher rate of spontaneous resolution after acute HCV-G4 infection.\[[@ref19][@ref20]\] Other studies suggest that HCV-G4 infection is associated with significant steatosis. These observations suggest that specific features of HCV-G4 infection may contribute to the natural history and treatment outcomes of the disease.\[[@ref21][@ref22]\] End-stage liver disease secondary to hepatitis C virus (HCV) infection is the major indication for orthotopic liver transplantation (OLT) worldwide.\[[@ref23]\] The percentage of HCV-G4 patients among recipients of OLT varies depending on the geographic location. In Saudi Arabia, hepatitis C represents approximately 29% of indications for liver transplantation, approximately 60% of which are secondary to HCV-G4.\[[@ref24]\] HCV-G4 represents more than 90% of indications for liver transplantation in Egypt.\[[@ref25]\] By contrast, HCV-G4 is a relatively uncommon indication for liver transplantation in the Western world.\[[@ref26][@ref27]\] The aim of this review is to examine the natural history and treatment outcomes of HCV-G4 following liver transplantation. This review includes all published studies and abstracts involving HCV-G4 patients.

POST-LIVER TRANSPLANTATION OUTCOME {#sec1-1}
==================================

Several studies have specifically evaluated the impact of different HCV genotypes on the outcome of liver transplantation. Campos-Varela *et al*. evaluated the role of different HCV genotypes on the progression and outcome of liver transplantation. Among 745 recipients, 81% had genotype 1 (G1), 7% had genotype 2 (G2), and 12% had genotype 3 (G3). Patients were followed for a median of 3.1 years (range 2--8 years). The risk of advanced fibrosis and graft rejection was significantly higher among those infected with G1 compared with other genotypes.\[[@ref28]\] Other studies have reported similar poorer outcomes in G1-infected patients.\[[@ref29][@ref30]\] By contrast, some large studies have observed no difference in the rate or degree of hepatitis in the graft, or patient survival between G1 and other genotypes.\[[@ref31][@ref32]\] Although clearly demonstrating an influence of HCV genotype on post-transplant outcomes, the majority of these studies have neglected HCV-G4 infection.

OVERALL OUTCOME {#sec1-2}
===============

According to reports from Saudi Arabia and Egypt, which have active liver transplant programs, overall graft and patient survival for HCV-G4 are comparable to rates reported in the international literature. In Saudi Arabia, where three active cadaveric liver transplant programs exist, the overall three-year graft and patient survival rates were approximately 90% and 80%, respectively, with at least 20% of the cases were due to HCV-G4.\[[@ref24][@ref33][@ref34][@ref35][@ref36][@ref37]\] Similarly, in Egypt, where many active living--related liver transplant programs exist and HCV-G4 represents more than 90% of cases, graft and patient survival rates were approximately 86%.\[[@ref25]\]

In a recent study comparing the outcomes of Saudi and Egyptian patients receiving liver transplantation either in China or locally in Saudi Arabia (approximately 30% of patients were infected with HCV-G4), respective one- and three-year cumulative survival rates were 81% and 59% in patients transplanted in China compared with 90% and 84% for patients transplanted locally. The poorer outcomes in China were attributed to more liberal selection criteria, the use of donations after cardiac death, and possibly more limited post-transplant care.\[[@ref38]\]

NATURAL HISTORY OF HCV-G4 AFTER LIVER TRANSPLANTATION {#sec1-3}
=====================================================

Re-infection of the graft with HCV is universal after liver transplantation regardless of genotype, leading to an accelerated course of liver injury in many cases.\[[@ref39]\] Most studies of disease recurrence worldwide have investigated HCV-G1, HCV-G2, and HCV-G3,\[[@ref23]\] and there are few reports on post-OLT recurrence of HCV-G4.

Four studies have been reported from liver transplant centers in Europe and Australia. Gane *et al*. reported a group of 149 patients who received liver transplants for HCV-related end-stage liver disease and were followed for a median of 36 months. Among the patient population, 14 patients (of whom 12 were from the Middle East) were infected with HCV-G4. Approximately 50% of these patients had progressive liver disease (moderate hepatitis or cirrhosis) during the follow-up period.\[[@ref40]\] In the same study, patients infected with G1b had the worst outcome, whereas patients infected with G2 and G3 had less severe disease recurrence. The authors speculated that patients infected with G1b had an increased replicative potential, increased heterogeneity of HCV quasispecies, and increased expression of viral antigen in liver tissue. Alternatively, HCV-1b may be more immunogenic than other genotypes. In another study, Zekry *et al*. analyzed the entire cohort of HCV transplant recipients in Australia and New Zealand over a span of 10 years. In this analysis, 182 patients were transplanted for HCV (16 of whom had HCV-G4), and the median follow-up was 4 years. Among many factors studied in univariate and multivariate analyses, HCV-G4 was associated with an increased risk of re-transplantation and death. Additionally, patients infected with HCV-G4 were more likely to progress to stage 3 or 4 fibrosis.\[[@ref41]\] Patients infected with G2 and G3 had better post-transplant outcomes. Whether this difference in outcomes was related to the pathogenicity of HCV-G4 or to other factors not examined in this study, including donor age, immunosuppression, and compliance with medications, is not clear \[[Figure 1](#F1){ref-type="fig"}\]. Additionally, patients infected with HCV-G4 in this study were older and more likely to have coexisting hepatocellular carcinoma. Another Australian study demonstrated that G1b was associated with higher recurrence rates after transplantation compared with other genotypes.\[[@ref42]\] In a more detailed study from the UK, 32 of 128 patients who underwent OLT for hepatitis C were infected with HCV-G4.\[[@ref43]\] A significantly higher fibrosis progression rate was observed in HCV-G4 patients compared with non-G4 patients, although their rates of survival were similar. The five-year cumulative rates for the development of cirrhosis or severe fibrosis were 84% in HCV-G4-infected patients and 24% in patients infected with other genotypes. The authors attributed the difference between these two groups to the significantly older age of donors and ethnic backgrounds of the HCV-G4 group patients (predominantly Egyptian). In addition, the majority of these patients were placed on an alternative waiting list to be offered organs that were suitable for transplantation but unsuitable or not needed for citizens of the United Kingdom. This policy may have led to the selection of inferior grafts for the HCV-G4 patients, who were predominantly non-UK citizens, leading to inferior results in these patients.
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By contrast, studies from the Middle East show a more favorable outcome for HCV-G4 patients. A study on biopsy-proven recurrence of HCV post-OLT in Saudi Arabia revealed no significant differences between G1 and G4 patients in terms of epidemiological, clinical, and histological factors as well as outcome (patients and graft survival).\[[@ref44]\] Among many epidemiological, laboratory, and virological factors included in that analysis, the only factor predictive of an advanced histological score was the HCV RNA level at the time of biopsy.

In studies published from Egypt reporting on living-related liver transplantation of HCV-G4 patients, similar favorable outcomes were observed. HCV clinical recurrence was observed in 31% of patients and was mostly mild; 91% of patients had fibrosis scores less than F2. After 36 months of follow-up, 91% of patients were alive with good graft function. Similar to the study from Saudi Arabia, recurrent HCV was associated with a high pre- and post-transplant viral load and the presence of antibodies to hepatitis B core antigen.\[[@ref45]\] In another study, the outcome of living-related liver transplantation was evaluated in Egyptian patients with HCV-G4-related cirrhosis. Recipient and graft survivals were 86.6% at the end of the follow-up, comparable to literature reports for deceased donor liver transplantation (DDLT). Clinical HCV recurrence was observed in 10/38 patients (26.3%). Four patients developed mild fibrosis, with a mean fibrosis score of 0.6 and a mean histological activity index (HAI) of 7.1. None of the recipients developed allograft cirrhosis during the mean follow-up period of 16 months (range 4--35 months).\[[@ref25]\]

The role of HCV-G4 in the natural history of this disease requires further study. Furthermore, HCV-G4 exhibits significant genetic diversity, and there are a number of viral subtypes. HCV-G4 subtypes 4a and 4b predominate in Egypt, whereas subtypes 4c and 4d are the most prevalent in Saudi Arabia.\[[@ref5]\] The impacts of the various subtypes have been demonstrated in recent studies; for example, a recent trial in HCV G1 patients determined that subtype 1b patients were more likely to achieve a rapid virological response (RVR) compared with subtype 1a, thereby requiring shorter periods of combination treatment.\[[@ref46]\] Studies performed in Egypt, where HCV-G4 subtypes 4a and 4b predominate, have consistently indicated higher rates of virological response to therapy (69%--76%) compared with Saudi Arabia, where response rates are substantially lower (44%--50%).\[[@ref47][@ref48][@ref49]\] In a retrospective analysis of HCV-G4 patients, Roulot *et al*. reported better sustained virological response (SVR) in 4a subtype- compared with 4d subtype-infected individuals.\[[@ref50]\] The majority of patients involved in these European/Australian studies are Egyptians, who are likely older, have coexisting HCC and have received marginal donor grafts. Co-morbidities, such as infection with schistosomiasis, and other nonstudied variables may also have affected outcomes in these patients, leading to an impression that HCV-G4 is an aggressive virus. However, more recent studies originating from the Middle East, where HCV-G4 predominates, have revealed no significant difference in outcomes between G1 and G4.

TREATMENT PRIOR TO TRANSPLANTATION {#sec1-4}
==================================

Pegylated interferon and ribavirin {#sec2-1}
----------------------------------

Viral eradication or suppression prior to liver transplantation reduces post-transplant recurrence rates.\[[@ref51]\] However, older treatment regimens were interferon-based and were therefore contraindicated in decompensated cirrhosis.\[[@ref52][@ref53][@ref54]\]

This approach has been evaluated by multiple groups. Everson *et al*. conducted a randomized controlled trial to test the efficacy and safety of pre-transplant pegylated interferon alpha-2b plus ribavirin (Peg-IFN-a2b/RBV) for the prevention of post-transplant HCV recurrence. Patients were assigned to a low accelerating dose regimen (LADR) in which they received a combination of Peg-IFN and RBV with increasing dose every two weeks until they reached a maximal tolerated dose. Patients with G1, G4, or G6 were randomized to LADR or no pretransplantation treatment. Of the 30 patients with G1, G4, or G6 who were treated, 23 underwent liver transplantation, and 22% achieved a post-transplantation virological response. Although pre-transplant treatment prevented post-transplant recurrence of HCV infection in 25% of cases, including patients infected with HCV-G4, this approach was poorly tolerated and resulted in life-threatening complications.\[[@ref55]\]

TREATMENT OF ADVANCED DISEASE IN THE NEW ERA {#sec1-5}
============================================

The treatment of HCV patients is rapidly evolving. After decades of limited treatment options with low efficacy rates and intolerable side effects, new oral, direct-acting antiviral (DAA) agents have emerged with better safety and efficacy profiles, leading to dramatic changes in the practice of HCV management. Sofosbuvir (SOF) is a novel pangenotypic nucleotide analog inhibitor that inhibits HCV RNA replication. SOF is administered orally and inhibits the HCV NS5B polymerase. SOF exerts potent antiviral activity against all HCV genotypes with or without Peg-IFN. SOF administered once daily at a dose of 400 mg exhibits a high barrier to resistance.\[[@ref56]\] Multiple clinical studies have demonstrated the superiority of SOF-based therapy compared with the current standard of care in both treatment-naïve and treatment-experienced patients across all HCV genotypes.\[[@ref57][@ref58][@ref59][@ref60]\] Because of its favorable pharmacological profile and its reasonable drug--drug interactions, SOF has become a cornerstone of HCV infection management. Data on the use of these new agents in cirrhotic G4 patients awaiting liver transplantation are limited. Up-to-date studies evaluating the safety and efficacy of these agents in HCV-G4 patients are summarized below.

Sofosbuvir and ribavirin {#sec2-2}
------------------------

In an open-label study, 61 patients with HCV of any genotype and cirrhosis and who were on waitlists for liver transplantation for hepatocellular carcinoma received up to 48 weeks of SOF/RBV before liver transplantation. Of 46 patients, 43 had HCV-RNA levels of less than 25 IU/Ml at the time of transplantation. Of these 43 patients, 30 (70%) exhibited a post-transplantation virological response at 12 weeks.\[[@ref61]\] A recently published Egyptian study evaluated the efficacy and safety of SOF in combination with RBV in HCV-G4 patients in Egypt. In that study, 17% of the study population were cirrhotic. Patients with cirrhosis at baseline had lower rates of SVR12 (63% at 12 weeks, 78% at 24 weeks) than those without cirrhosis (80% at 12 weeks, 93% at 24 weeks). However, the treatment was safe and well tolerated, with no serious drug-related adverse events.\[[@ref62]\]

Ledipasvir/sofosbuvir and ribavirin (SOLAR-1) {#sec2-3}
---------------------------------------------

A recently published phase 2, open-label study (Solar-1) assessed treatment with the NS5A inhibitor ledipasvir (LDV), the nucleotide polymerase inhibitor SOF, and RBV in patients infected with HCV-G1 or HCV-G4. This study included a cohort of patients with cirrhosis and moderate or severe hepatic impairment who had not undergone liver transplantation, and another cohort of patients who had undergone liver transplantation. In the nontransplant group, SVR12 was achieved in 86%--89% of patients. Furthermore, response rates were similar in the 12- and 24-week groups.\[[@ref63]\]

Sofosbuvir+daclatasvir+ribavirin (ALLY-1 study) {#sec2-4}
-----------------------------------------------

The ALLY-1 study evaluated daclatasvir (DCV)+SOF+RBV in patients with advanced cirrhosis or post-transplant HCV recurrence of all genotypes, including G4. DCV is a pangenotypic NS5A inhibitor with a very low potential for drug interaction and a favorable safety profile. All patients with advanced cirrhosis were treated with a combination of DCV 60 mg + S0F 400 mg + RBV (adjusted dose) for 12 weeks. Overall, 83% of the advanced cirrhosis patients achieved SVR12. The response rate of cirrhotic patients infected with HCV-G4 in this study was 100% (4/4). Treatment was well tolerated, with no adverse events or drug--drug interactions.\[[@ref64]\]

Simeprevir+daclatasvir+sofosbuvir (phase II IMPACT study) {#sec2-5}
---------------------------------------------------------

The interim results of the IMPACT study indicated favorable responses to this combination in cirrhotic patients infected with G1 and G4. Simeprevir (SIM) is a NS3/4A protease inhibitor with antiviral activity against G1, G2, G4, G5, and G6. All cirrhotic patients (100%) 28/28 achieved SVR4. The treatment was safe and well tolerated, with no major adverse effects. The study is ongoing, and final results are awaited.\[[@ref65]\]

TREATMENT AFTER LIVER TRANSPLANTATION {#sec1-6}
=====================================

Multiple studies have evaluated the outcome of early preemptive treatment using pegylated interferon-based therapy prior to established disease recurrence. However, the outcomes of these studies were poor because of poor tolerability, renal impairment, cytopenias, and drug interactions. The conclusion of these studies was that the outcome of preemptive treatment was similar to that of controls in terms of histological recurrence, graft loss, and death.\[[@ref66][@ref67]\] However, most of these studies were performed in HCV-G1-infected patients. Data on treating HCV-G4 recurrence following liver transplantation are limited \[[Table 2](#T2){ref-type="table"}\].
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Studies involving HCV-G4 patients following liver transplantation
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Pegylated interferon and ribavirin {#sec2-6}
----------------------------------

Reported SVR rates for pegylated interferon combination therapy following liver transplantation are lower than those in the nontransplant population. Treatment regimens have been hindered by a high incidence of adverse effects, leading to treatment withdrawal.

In a recent study from Saudi Arabia, ---25 patients infected with HCV-G4 were treated with Peg-IFN alpha-2a at a dose of 180 µg/week plus RBV 800 mg/day (the dose was adjusted as tolerated in the range of 400--1200 mg).\[[@ref68]\] Eighty-eight percent achieved an early virological response; of those, 15 (60%) and 14 (56%) patients achieved end of treatment virological response and SVR, respectively. The relatively high response rate in this study may have been due to the treatment-naïve status of the patients, the use of growth factors that allowed patients to complete their course of therapy, the low treatment--withdrawal rate, and the reduction of immunosuppression doses during treatment.

In a study from Egypt, Dabbous *et al*. evaluated 243 patients transplanted for HCV-G4-related cirrhosis. All patients had a protocol biopsy six months post-transplant, and follow-up biopsies were performed at 3, 6, and 12 months during treatment for the early detection of immune-mediated rejection induced by interferon. Fifty-six (23%) patients had evidence of histopathological recurrence of HCV, and 42 patients completed the treatment. Five patients were excluded due to fibrosing cholestatic hepatitis; therefore, 37 patients were included in the study. The patients received treatment in the form of combined Peg-IFN and RBV. Erythropoietin and granulocyte colony-stimulating factor were used in 70% of patients. SVR was achieved in 29 (78%) patients. The high SVR rate in this study was attributed to several factors, including the early treatment protocol, exclusion of patients with fibrosing cholestatic hepatitis, early detection of interferon-induced rejection and aggressive treatment of hematological complication using erythropoietin, granulocyte colony-stimulating factor and, in some cases, blood transfusion.\[[@ref69]\] Conversely, Ponziani *et al*. evaluated treatment responses in 17 Italian patients with HCV-G4 recurrence following liver transplantation. They reported an SVR rate of 35%. However, this retrospective study included patients treated in the 1990s with conventional interferon; the drug tolerability, and the lack of aggressive management of hematological side effects contributed to the low response rate. Furthermore, their patient population included patients with advanced disease.\[[@ref70]\]

The results of these studies suggest that post-transplant treatment outcomes for HCV-G4 are likely better than for G1 and less favorable than for G2 and G3. This response pattern among the different genotypes parallels the response pattern in the immunocompetent population. The availability of newer treatment options with better safety profiles is drawing attention away from pegylated interferon and ribavirin. However, a role for these agents remains in combination with DAA, particularly in mild-to-moderate disease.

HCV TREATMENT IN THE NEW ANTIVIRAL ERA {#sec1-7}
======================================

Telaprevir and boceprevir {#sec2-7}
-------------------------

Following the approval of telaprevir (Incivek™) and boceprevir (Victrelis™) for G1,\[[@ref78][@ref79]\] treatment outcomes improved. Treatment regimens for chronic HCV-G1 infection include a combination of either of these protease inhibitors three times daily with once-weekly subcutaneous injections of Peg IFN and twice-daily oral RBV. These new combinations increased SVR to 80% and 63%--66%, respectively, in nontransplant patients. Some studies have reported poor clinical outcomes of the use of telaprevir along RBV and Peg-IFN in patients with HCV-G4.\[[@ref80]\] Although the use of these two DAAs in post--liver transplant patients resulted in SVR up to 60% with telaprevir, nonresponders were observed in the boceprevir treatment, and it was associated with severe side effects, including severe anemia that required erythropoietin, ribavirin dose reduction, and red blood cell transfusions. Significant drug interactions also occurred with immunosuppressants, requiring average cyclosporine dose reductions of 50%--84% after telaprevir initiation and 33% after boceprevir initiation. Tacrolimus doses were reduced by 95% with telaprevir.\[[@ref81]\] These significant side effects coupled with the introduction of safer antiviral drugs have shifted HCV treatment away from these agents; in fact, these agents are contraindicated by many liver associations.

Sofosbuvir and ribavirin {#sec2-8}
------------------------

SOF has become a cornerstone of management of HCV infection because of its favorable pharmacological and drug interaction profiles. However, there are very limited data on the use of SOF in patients with HCV recurrence post--liver transplant, particularly G4. A recent prospective multicenter study enrolled 40 patients with compensated recurrent HCV infection of any genotype after a primary or secondary liver transplantation. All patients received 24 weeks of SOF 400 mg daily and RBV starting at 400 mg daily; RBV was adjusted according to creatinine clearance and hemoglobin values. Of the 40 patients enrolled and treated, 40% had cirrhosis (based on biopsy), and 88% had been previously treated with interferon. SVR12 was achieved by 28 of 40 patients (70%; 90% confidence interval: 56%--82%). Relapse accounted for all cases of virological failure, including the only patient with HCV-G4. No patients had detectable viral resistance during or after treatment. The most common adverse events were fatigue (30%), diarrhea (28%), and headache (25%). In addition, 20% of the subjects experienced anemia. No deaths, graft losses, or episodes of rejection occurred. No interactions with any concomitant immunosuppressive agents were reported.\[[@ref71]\] A recent post-transplantation study was conducted in which SOF and RBV were provided on a compassionate-use basis to patients with severe recurrent HCV, including those with fibrosing cholestatic hepatitis (FCH) and decompensated liver cirrhosis with a life expectancy of less than one year. All patients received SOF and RBV for 24--48 weeks. The study population included patients infected with G1, G2, G3, and G4. The overall SVR rate was 59% and was higher (73%) in those with early severe recurrence. At the end of the study, 57% of patients displayed clinical improvement, 22% were unchanged, 3% had worsened clinical status, and 13% had died. Side effects associated with hepatic decompensation were the most frequently reported adverse events in this study.\[[@ref72]\] An ongoing study evaluating SOF and RBV with or without Peg-IFN in post-transplant treatment of experienced G4-infected patients revealed positive results. SVR12 was achieved in 20 patients, and four patients relapsed after achieving negative viremia. By week 4, three patients had detectable HCV RNA. One patient had detectable HCV RNA by week 6, and none had viral breakthrough until the end of treatment. Three of the patients who developed a viral relapse had detectable viremia at week 4 (unpublished observation, Alajlan *et al*.).

Sofosbuvir/ledipasvir with or without ribavirin {#sec2-9}
-----------------------------------------------

Cohort B (of the previously described Solar-1 study) enrolled patients who had undergone liver transplantation, including those without cirrhosis; those with cirrhosis and mild, moderate, or severe hepatic impairment; and those with FCH. Patients were randomly assigned to receive a fixed-dose combination tablet containing LDV and SOF plus RBV for 12 or 24 weeks. The cohort included 108 post-transplant patients. SVR12 was achieved in 96%--98% of patients without cirrhosis or with compensated cirrhosis, in 85%--88% of patients with moderate hepatic impairment, in 60%--75% of patients with severe hepatic impairment, and in all six patients with FCH. Response rates were similar in the 12- and 24-week groups.\[[@ref63]\] The preliminary results of the prospective Solar-2 trial, which includes post--liver transplant patients infected with G1 and G4, revealed similar results. Overall, 91% (10/11) of noncirrhotic G4 patients treated for 12 weeks achieved SVR12 compared with 100% (7/7) of those treated for 24 weeks. Of those with more severe G4 disease, only 57% (4/7) achieved SVR12 after 12 weeks of treatment compared with 86% (6/7) of those treated for 24 weeks.\[[@ref73]\] Despite including G1 and G4 in these studies, the number of HCV-G4-infected patients was relatively small, limiting solid conclusions on the response of G4. Reddy *et al*. reported preliminary results of a prospective multicenter study evaluating the safety and efficacy of LDV/SOF with RBV in post-transplant naïve and treatment-experienced patients infected with G1 and G4. In total, 223 patients were treated, including 111 patients with cirrhosis, and the majority (83%) were treatment experienced. Patients in this study were treated for 12-24 weeks. Interim analysis revealed SVR4 rates of 96% and 94% for non-cirrhotic patients treated for 12 and 24 weeks, respectively. Respective SVR4 rates in cirrhotic patients were 92% and 82% for those treated for 12 and 24 weeks. Side effects in this study included anemia (6), sick sinus syndrome (1), sinus arrhythmia (1), and portal vein thrombosis (1). Five patients with cirrhosis died during the study period due to disease-related complications.\[[@ref74]\] A study from France reported the outcome of a 12-week course of LDV/SOF without RBV in 44 patients infected with G4. Overall, 21/22 (96%) and 20/22 (91%) of treatment-naïve and treatment-experienced patients, respectively, achieved SVR12. By comparison, 31/34 (96%) and 10/10 (100%) of noncirrhotic and cirrhotic patients, respectively, achieved SVR12.\[[@ref75]\]

The safety profile of LVD/SOF with RBV was evaluated in a pooled analysis of two large multicenter studies (Solar-1 and -2). The patients involved were either cirrhotic or post--liver transplantation patients (616 G1 and 42 G4) and were randomized to 12 or 24 weeks of treatment. Of 134 SAEs, only 20 were related to treatment. RBV-associated anemia was the most common adverse effect, representing 11/20 (55%) reported drug-related adverse events.\[[@ref82]\]

Sofosbuvir/daclatasvir {#sec2-10}
----------------------

Data on the use of DCV in the post-transplant setting for HCV-G4-infected patients are limited. Leroy *et al*. analyzed data from 23 patients with FCH who participated in a prospective cohort study in France and Belgium to assess the effects of antiviral agents in patients with recurrence of HCV infection after liver transplantation. Three patients with G4 infection were included in this study (one patient was treated with SOF/RBV, and two were treated with SOF/DCV). All patients survived without re-transplantation. Rapid and dramatic improvements in clinical status were observed. The patients\' median bilirubin concentration decreased from 122 µmol/L at baseline to a normal value at week 12 of treatment. Twenty-two patients (96%) had a complete clinical response at week 36, and 22 patients (96%) achieved SVR12, including all three patients infected with G4.\[[@ref76]\]

Sofosbuvir and simeprevir {#sec2-11}
-------------------------

In a recent report, three patients with HCV-G4 recurrence following liver transplantation were treated with SOF and SIM for at least 12 weeks. All three had high pretreatment viral loads, and one patient had established cirrhosis. SVR12 was achieved in all three patients, with no significant adverse effects or drug interactions.\[[@ref77]\]

TIMING OF TREATMENT FOR PATIENTS ON THE TRANSPLANT LIST {#sec1-8}
=======================================================

It is unclear if treatment should be initiated while the patient is awaiting liver transplantation or to delay until after transplantation \[[Figure 2](#F2){ref-type="fig"}\]. Many factors may contribute to and affect the approach on an individual basis; for example, it may be better to defer treatment in extremely ill patients, in the presence of renal impairment and in patients with advanced hepatocellular carcinoma. Afdhal *et al*. evaluated the outcome of treatment with SOF and RBV in compensated and decompensated cirrhotic patients. They also monitored the clinical picture and measured the hepatic venous pressure gradient before and after treatment. They observed a clinically meaningful improvement in portal hypertension in addition to improvements in liver biochemistry, Child--Pugh score and Model For End-Stage liver Disease scores.\[[@ref83]\] The potential benefits of treating patients on the waiting list include potential improvements in overall clinical status that may salvage these patients from liver transplantation, particularly in countries with limited liver donation, reducing post-transplant recurrence, and avoiding possible post-transplant drug--drug interactions.\[[@ref63][@ref73]\] One concern is that treating these patients may lower their MELD scores and drive them down the transplant list, thus delaying transplantation despite persistent ascites or encephalopathy. The ideal approach will become clearer following the accumulating results of ongoing trials and a better understanding of the safety profiles of these medications, particularly in the post-transplantation setting.

![Natural history of recurrent HCV after liver transplantation and potential treatment strategies for HCV-G4 infection](SJG-22-173-g004){#F2}

CONCLUSIONS {#sec1-9}
===========

HCV-G4 is a common indication for OLT in many Middle Eastern countries. The results of studies of both cadaveric and living-related liver transplantation, including HCV-G4 patients, indicate good long-term results comparable with those of other genotypes. Similarly, based on the limited available evidence, the course of recurrent HCV-G4 after liver transplantation does not appear to differ from that of other genotypes. In the era of DAAs, the outcome of chronic HCV infection, including advanced liver disease, is likely to improve. Additionally, post--liver transplant outcomes will probably improve, but more studies are needed to further understand HCV-G4 and OLT.
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